The problem of determining the quantum signature of a classically chaotic system is studied for the periodically kicked pendulum. In parallel with the observation that chaos creates exponential growth of intrinsic fluctuations in classical, macroscopic, dissipative systems, we find that the quantum variances initially grow exponentially if the corresponding classical description is chaotic. The rate of growth is connected to the corresponding classical Jacobi matrix and, thereby, to the largest classical Liapunov exponent. These connections are established by examining the correspondence between the quantum Husimi-0 Connell-Wigner distribution and the classical Liouville distribution for an ensemble. Explicit results for the kicked pendulum are presented. PACS number(s): 05.45.+b, 03.65.Bz 
I. INTRODUCTION In a series of recent papers [1 -3] , it has been demonstrated that the covariances of the intrinsic fluctuations in classical, macroscopic, dissipative systems initially grow exponentially when the system is chaotic. The connection between chaos and the growth of fluctuations depends upon the central role played by the Jacobi matrix [3] in both the theories for chaos and for fluctuations.
This quantity is simultaneously responsible for determining: (a) whether or not the largest Liapunov exponent is positive (we take this characteristic to be the definition of chaos for systems with bounded phase-space flows), and (b) the rate of time evolution of the fluctuation covariances. To establish this connection, it is necessary to extract the classical, macroscopic description from an underlying mesoscopic description given by a master equation [4] . As a result, it is seen how the macroscopic equations emerge from the mesoscopic description in an appropriate limit. In addition, other limits [5, 6] provide the dynamics for the associated intrinsic fluctuations.
It has already been observed [3] that the quantumclassical correspondence for a potentially chaotic, conservative, classical system can be expressed in terms of the correspondence [7] between the time evolution of the Wigner distribution and the Liouville equation for the time evolution of a classical phase-space distribution. It was shown [3] that the initial rate of growth of quantum variances was directly tied to the time evolving Jacobi matrix for the classical motion. In this paper, we refine this connection by focusing on the Husimi-0Connell-Wigner [8, 9] distribution and its more precise correspondence with Liouville's equation for an initially Gaussian ensemble. The Gaussian ensemble reflects the unavoidable uncertainty in initial conditions. This uncertainty is intrinsic to both the quantum and the classical descriptions. We also show that statistics obtained from the time evolution of the Husimi-0 Connell-Wigner distribution can be realized numerically much more efficiently by following the time evolution of an appropriately constructed, initially Gaussian, wave packet. This circumstance parallels the relative ease with which it is possible to numerically implement the Fokker-Planck equation and its associated Langevin equivalent. In this paper, these general and rather formal considerations are exhibited by the periodically kicked pendulum [10] . It is important to emphasize that our exponential growth results are not in conflict with the wellknown diffusive growth rates so often quoted in the literature [11, 12] for the chaotic parameter domain of the kicked pendulum. ' This difference is a result of effectively different initial conditions and we show that for initially sharp Gaussian distributions, there is always an initial exponential growth stage, possibly followed by a transition into a diffusive stage. This is dramatically exhibited in our numerical results where we show, for the ultrasupercritical parameter regime, the exponential growth of the variances around a subcritically stable elliptical center.
We also obtain a quantitative connection between the rate of growth of the quantum variances during the exponential stage and the transient expansion rate [13 -15] .
With these results, we establish the efficacy in characterizing "the quantum signature of classical chaos" by the initially exponential growth of quantum variances for initially sharp wave packets. 
II. THE CENTRAL ROLE OF THE JACOBI MATRIX
(2) C. The 
in which x; (t) satisfies the equation (10) in which expr( ) denotes the forward-in-time time ordered exponential.
Together, Eqs. (2) and (5) from an underlying mesoscopic dynamics given by a master equation [4] . This equation describes the time evolution of a probability distribution, P (x, t ), for the fluctuating values of x(t} 
in which 0 denotes the system size and in which the fall off of the higher moments with system size is indicated.
This leads to the Kramers-Moyal expansion [4] C-k(t) = J;, (t)CJk(t)+ C;, (t) Jk, (t)+R, ', "(t) . t
We have previously shown [3] Kurtz [5, 6] . It is given by the nonlinear Fokker-Planck equation (by nonlinear we mean a nonlinear streaming term [4] 
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A"(n+1)= g A (n)i"~J"(x)exp We have studied the quantum map for initially Gaussian wave packets. The initial wave packet is given by [2] ' -1/4
A"(0) = 2o exp(iba)
This produces the quantum map for the coeScients from just before kick n to just before kick n +1 [2, 10, 11] .
We showed [2] from kick 1 to kick 9, which is nearly straight in Fig. 1 ).
This is an order of magnitude larger. The explanation involves the concept of a transient expansion rate. For maps, the connection between the Jacobi matrix and the largest Liapunov exponent discussed in Sec. II, 1 -a cos8" J = P 1 -aP cos8"
The largest Liapunov chaos in a corresponding quantum analysis is not the characterization found in the extant literature. Rather, it is said, a diffusive growth stage is generic [10 -12] , except at rational resonances [19, 20] . Fig. 17 This is not too much larger than the asymptotic value, 1.609. Since this is an ultrasupercritical E value, Chirikov's formula is very accurately satisfied [13] [14] [15] .
Because of the global chaos we have a nearly uniform expansion rate for the attractor. This is in contrast with the situation for subcritical I(. for which we found an order of magnitude difference between the transient and asymptotic values. el spacing distributions [12] , and eigenfunction scarring by unstable periodic classical orbits [16] . Much beautiful work has been done on each of these characterizations.
In this paper, we present a third paradigm, the initially exponential growth of quantum variances for initially very sharply defined wave packets. This characterization is intimately connected to the problem of quantumclassical correspondence.
The present alternative paradigm is not in conflict with the well-known [10 -12] 
